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Abstract 
In response to a recent study, six dimensional parameters (oral length, oral volume, pharyngeal 
length, pharyngeal volume, total vocal tract length and total vocal tract volume) of the vocal tract 
in older teenagers and that of normal-developing cohorts were compared with smaller age 
disparities and larger number of participants. The vocal tract dimensions of 18 older teenagers 
with Down syndrome and 18 typically developing controls were measured by Acoustic 
Reflection technology using an Eccovision Acoustic Pharyngometer. Significant differences 
were found in pharyngeal volume, total vocal tract length and total vocal tract volume in the two 
groups, which provided insights on differences in vocal tracts between Down syndrome and 
normal group, a preliminary anatomical database of vocal tract dimensional growth for local 
teenagers with Down syndrome, and whether to carry out partial glossectomy to improve speech 
intelligibility for children with Down syndrome.  
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Vocal Tract Dimensions of Older Teenagers with Down Syndrome and Non-impaired Controls 
Down syndrome is a genetic alteration of having an extra chromosome 21 (Down, 1866), 
affecting 1 of 800-1000 newborns (Laws, 2004). Roizen (2002) and de Moraes, de Moraes, 
Dotto, Dotto and Santos (2007) described various medical complications in individuals with 
Down syndrome, including heart disease, sensory impairments, endocrine abnormalities, 
orthopedic problems, dental problems, gastrointestinal malformations, epilepsy, hematologic 
disorders and skin conditions. Mental retardation is commonly found within the individuals with 
Down syndrome as well, and a recent study has suggested a reduced brain volume due to trisomy 
and improper neural development (Nadel, 2003). 
Patients with Down syndrome have been observed to have delayed or deficit in language 
proficiency, speech intelligibility and speech fluency (Miller & Leddy ,1999). Hamilton (1993) 
quoted from Buckley and Sacks (1987)’s study that over 50% of the teenage girls and 80% of the 
teenage boys were rated as unintelligible to strangers by their parents. Although delay in 
language ability might have also affected the speech intelligibility, the Hamilton (1993) also 
addressed the poor speech clarity as the major hindrance to effective communication in the 
population with Down syndrome.  
Structurally, people with Down syndrome was reported to have a more hypoplastic facial 
middle third and reduced nasal protrusion, and a reduced mandible size than their normal 
counterparts (Ferrario, Dellavia, Serrao & Sforza, 2005), while others found reduced hard palate 
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size in individuals with Down syndrome. Some researchers hypothesized that macroglossia cause 
unintelligibility of speech in children with Down syndrome (Hamilton, 1993), thus some 
suggested using tongue reduction surgeries, i.e. partial glossectomy to improve speech 
intelligibility, but significant improvement in acoustic speech was not observed after the 
surgeries (Margar-Bacal, Witzel & Munro, 1987). 
Recent studies advocate an alternative hypothesis, which suggested that the vocal tracts 
of children with Down syndrome are actually smaller their normal cohorts, so that their tongues 
may seem large in their oral cavity, and such hypothesis has been supported by Magnetic 
Resonance Imaging (MRI) technology (Uong et al., 2001; Guimaraes, Donnelly, Shott, Amin & 
Kalra, 2008). In their study, Uong et al. (2001) found significantly smaller airway volume in 
subjects with Down syndrome without obstructive sleep apnea, while the tongue, soft-palate, 
pterygoid and parapharyngeal fat pats showed no significant difference to those of the control 
subjects, while the adenoid and tonsil volume in the subjects with Down syndrome are 
significantly smaller than those of the normal subjects, suggesting “relative macroglossia”. 
In response to the new hypothesis,  Xue, Kaine and Ng (2010) have done a pilot study 
using an non-invasive Acoustic Reflection technology (ART) on ten children (4 male and 6 
female) aged 9-17 years old with Down syndrome, and ten normal controls that were matched by 
age, gender and race. Subjects with Down syndrome were found to have significantly smaller 
oral cavities than the controls. They were also found to have smaller vocal tract volume than the 
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controls, but the results were not statically significant at 0.05 level. The pilot study was limited 
by its large age disparities and its small number of subjects included. 
ART has been applied to the diagnosis of obstructive sleep apnea (OSA), and showed 
strong test-retest validity and predictability in quantifying the pharyngeal airway of OSA patients 
(Gelardi et al., 2007). It was also used as a diagnostic tool for upper airway abnormalities 
(Hoffstein & Fredberg, 1991). Its quick, simple, safe and non-invasive characteristics had created 
an alternative and better way for researchers to evaluate the geometry of the vocal tract in terms 
of speech production than magnetic resonance imaging (MRI), x-rays and ultrasound.  
The objective of this study was (1) to quantify the vocal tract configurations of older 
teenagers with Down syndrome using ART (E.Benson Hood Laboratories, Pembroke, MA) with 
a larger participant size and a narrower age range to provide an additional randomized controlled 
study to substantiate the findings of the literature; (2) to compare the results with normal-
developing teenagers to determine if significant differences were found between the two groups; 
(3) if there was significant difference in any of the vocal tract dimensions, to locate the specific 
structural differences along the vocal tract, thereby provide indications on speech, voice and 
swallowing problems in Down syndrome;  (4) to add information to the data of the vocal tract 
configuration for the  population with Down syndrome. This study would contribute to the 
understanding of whether individual with Down syndrome actually have relative rather than 
absolute macroglossia, and suggests implications on future treatment. 




A total of eighteen teenagers (8 male and 10 female) diagnosed with Down syndrome 
within the age 16-18 years old were recruited from seven special schools in Hong Kong. The 
typically developing controls included 18 teenagers recruited from a local secondary school and 
they were matched for age, gender and race. The height and weight of the subjects were 
measured or obtained from the schools’ databases. The body mass indices (BMI) of the subjects 
were calculated by the formula BMI = [weight (kg)/ height (m)
 2
]. One-way ANOVA was 
conducted for height, weight, and body mass index between the two groups in the two fixed 
factors, presence of Down syndrome and Gender. One-way ANOVA showed that normal 
participants were significantly taller than that of the Down syndrome group (F (1, 34) = 185.23, 
p < 0.001), and BMI of the normal group was significantly smaller (F(1, 34) = 18.39 , p< 0.001). 
There was no significant difference in the weight and age of the two groups. The means, standard 
deviations and ranges of the age, gender and race of the participants from the two groups were 
shown in table 1. 
Table 1. Means, standard deviations and range of age, height and weight of male and female 
participants in the two groups 
 




Down Syndrome Normal 
 Male Female Male Female 
 (N=8) (N=10) (N=8) (N=10) 
Age 17.5 16.9 17.1 17.4 
SD 1.07 0.57 0.35 0.70 
Range 16-19 16-18 17-18 17-19 
Height (m) 1.55 1.41 1.75 1.63 
SD 0.56 0.38 0.45 0.40 
Range 1.44-1.62 1.37-1.49 1.68-1.83 1.57-1.70 
Weight (kg) 56.85 49.09 64.68 51.84 
SD 4.89 7.17 7.19 4.18 
Range 50.00-65.00 38.40-59.50 54.50-74.00 45.90-60.00 




23.75 24.50 21.23 19.52 
SD 3.27 3.26 2.17 1.19 
Range 20.80-30.40 19.50-29.6 17.20-24.10 17.70-21.80 
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All participants were screened for the absence of co-morbid structural anomalies such as 
cleft lip or palate, co-morbid neurological impairments, upper respiratory infection at the time of 
testing and previous oro-maxillo-facial surgeries by having their parents to fill out a 
questionnaire (Appendix I).  
Oral and written informed consent was obtained from the parents or legal guardians of all 
the participants according to the Declaration of Helsinki. 
Testing Equipment: ART 
According to the manufacturer, the procedure of AR technology is to transmit acoustic 
energies through a tube into the airway, including the oral and pharyngeal lumina. The 
procedures for measuring the vocal tract dimensions were based on those used by Xue et al. 
(2010).  The device consisted of two microphones and one sound generator on a wave tube 
which was 30 cm in length and 1.89 cm in diameter. A microcomputer for converting digital-to-
analog and analog to digital signals has been attached to the device as well. The cross-sectional 
airway area of the oral cavity and pharyngeal spaces above the larynx can be inferred by the 
reflections from each point of discontinuity in the upper airway (Kamal, 2001).  The reflected 
acoustic disturbances were recorded by a microphone that is attached to the mouthpiece. 
Automatic self-calibration set by the manufacturer was done at the time a participant was tested. 
A pharyngogram appeared on the display, and the cross-sectional area of the vocal tract will be 
plotted according to the amplitude against the arrival times of acoustic returns.  
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Three measurements were obtained from the participants through mouth-breathing. The 
participants were also asked to use their nose to breathe in a separate trail to make a benchmark 
for the oral pharyngeal juncture (OPJ). One of the three area-distance curves obtained by mouth-
breathing was selected depending on two criteria: 1. The OPJ of the mouth-breathing curve 
matched with that of the nose-breathing curve, and 2. The mouth-breathing curve fluctuated the 
least in terms of magnitude due to airflow changes.  
Testing Procedures 
Firstly, all participants were tested while sitting upright in a chair while demonstrating 
good postural control and head support during normal tidal breathing. A new, sanitized 
mouthpiece was then selected for each participant and sized for optimal fit to prevent air leakage. 
The wave tube was positioned so that it was positioned parallel to the ground, creating a straight 
line to the pharyngometer. Then, the participants were asked to focus on a certain point in space, 
which was indicated the researcher on the wall. After that, the researcher assisted the participant 
in sitting up straight and remaining still. The participants were then be prompted to think silently 
of a prolonged  /u/ sound to relax the facial muscles, bring the tongue to a neutral position, and 
close the velum thereby preventing air leakage through the nasal cavity. The researcher elicited 
three curves during normal mouth breathing. For those participants who had difficulty of 
maintaining mouth breathing, the researched used her index finger and thumb to approximate 
their nasal cavities towards the nasal septum to seal nasal breathing.  
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The OPJ was used as the marking point to divide the oral cavity and the pharyngeal 
cavity on the graph by hand-marking on the area-distance curves. The region between the 
incisors, indicated by 0.00cm on the y-axis of the curve, was considered as the opening of the 
oral region, which ends at the OPJ. The pharyngeal region started from the OPJ to the glottis 
opening, as marked by the narrowest area in the area-distance curve. The criteria for separating 
would be an oral region extending from the incisors to the anterior margin of OPJ and a 
pharyngeal region extending from the oral pharynx to the end of hypo-pharynx (the glottis). The 
six vocal tract parameters, including length of oral cavity (cm), volume of oral cavity (ml), 
length of pharyngeal cavity (cm), volume of pharyngeal cavity (ml), total vocal tract length (cm), 
and total vocal tract volume (ml) were acquired for each participant using this method.  
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In addition to acoustic pharyngometry, the participants were instructed to phonate the vowel /a/, 
/i/, /u/, / ɛ/ and / ɔ/ and to sustain it for more than 3 seconds at their comfortable pitch and 
loudness and. The speech sample was recorded by a high-quality microphone (Sennheiser PC 
131). Next, a 3-sec long steady segment from the middle portion of the sample was chosen 
randomly for analysis using Praat (Boersma & Weenink, 2010). Estimate of formant frequencies 
was made by the auto-tracing function of the program.  
Research Design 
This study can be considered a between-subjects design, there is one independent 
variable: groups – teenagers with Down syndrome and normal developing controls. Gender 
differences were not considered in this study given the control group was gender matched with 
the Down syndrome group. The six vocal tract parameters including oral length, oral volume, 
pharyngeal length, pharyngeal volume, total vocal tract length and total vocal tract volume and 
the formant frequencies of the selected vowels were the dependent variables. 
Statistical Analysis 
 Descriptive statistics were carried out to obtain a description of vocal tract dimensions 
across the Down syndrome group and the normal group, to make a comparison between vocal 
tract dimensions of the two groups and compare vocal tract measurements and formant 
frequencies of the speakers in the two groups.  The result of the one-sample Kolmogorov-
Smirnov Test showed a p-value less than 0.05 in all six vocal tract parameters, suggesting 
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normal distributions. One-way ANOVA tests were performed for each vocal tract parameter and 
the first three formants of the chosen vowels with Down syndrome as the independent variable. 
The significance level for the one-way ANOVA test was set at 0.05.  
Results 
The six dimensional parameters (oral length (OL), oral volume (OV), pharyngeal length 
(PL), pharyngeal volume (PV), total vocal tract length (VTL) and total vocal tract volume (VTV))  
was obtained from the display of the pharyngometer. One-way ANOVA was conducted for each 
of the six vocal tract parameters and the first three formants of the selected vowels. 
A summary of the means and standard deviations of the six vocal tract dimensional 
parameters for both Down syndrome and normal group were presented in Table 2.  
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Table 2.  Means and standard deviations of vocal tract parameters for male and female speakers 
Group 

























































































            
* Statistical significance was found for presence of Down syndrome. 
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Fig 2. Mean values of the oral length (OL), pharyngeal length (PL) and total vocal tract length 
(VTL) of male and female teenagers in Down syndrome group and normal group  
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Fig 3. Mean values of the oral volume (OV), pharyngeal volume (PV) and total vocal tract 
volume (VTV) of male and female teenagers in Down syndrome group and normal group  
 
Effect of Down syndrome on vocal tract dimensions 
 The means vocal tract dimensions in the participants with Down syndrome were mostly 
smaller than those of their normal cohorts except for the oral volume in female participants. 
Normal participants showed significantly longer total vocal tract length (F (1, 34) = 12.17, p = 
0.001) and significantly larger pharyngeal volume (F(1, 34) = 83.85, p = 0.013) and total vocal 
tract volume (F (1, 34) = 19.19, p < 0.05). 
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Acoustic analysis 
 The vowel productions/a/, /i/, /u/, / ɛ/ and / ɔ/ have been recorded in both normal group. 
However, the recording process was not administered in 3 participants in the Down syndrome 
group per their refusal. 6 recordings of the participants in the Down syndrome group could not 
be analyzed due to whispered voice, inadequate sustention (less than 3 seconds) of the 
phonations, and also failure in imitating the all the speech sounds. Thus, many of the formant 
frequencies of the vowels /a/, /i/, /u/, / ɛ/ and / ɔ/ could not be acquired in the Down syndrome 
group, resulting in inadequate data in comparing the formant frequencies between the two groups. 
Discussion 
The results of showed larger vocal tract in 5 out of 6 parameters in normally developing 
teenagers, but significant differences were only shown in pharyngeal volume, total vocal tract 
length and total vocal tract volume. Contrary to the findings in the pilot study done by Xue, et al. 
(2010), participants with Down syndrome did not show significantly smaller oral cavities 
comparing to their normally developing counterparts.  
As previous studies have suggested macroglossia in the population with Down syndrome 
(Hamilton, 1993) might have caused unintelligibility of speech, Xue et al. (2010) tried to prove 
the hypothesis of people with Down syndrome having smaller oral cavities rather than having 
macroglossia. However, the result of the current study did not comply with this hypothesis 
advocated by Xue et al. (2010), Uong et al. (2001) and Guimaraes et al. (2008). Owing to the 
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large age disparities and small number of participants included in the study of Xue et al. (2010), 
the difference in oral volume between the two groups could have been due to sampling error. In 
the current study, the age range has been restricted to 16-19 years old, and the gender, age and 
race have been matched in the two groups. In the previous studies of Uong et al (2001) and 
Guimaraes et al. (2008), the mid- and lower face skeleton including the hard palate and mandible 
in the population of Down syndrome has been proved to be smaller by magnetic resonance 
imaging, but their tongues have been found to be of normal sizes or even smaller than their 
normal cohorts, giving rise to a larger tongue size-to-oral volume ratio. Desai and Fayetteville 
(1997) also reviewed from the literature that children with Down syndrome often have tongue 
protrusion and open mouth due to a relatively large tongue in a reduced oral cavity. These, 
however, have not been observed in the subjects recruited for this study.  
As suggested by Xue and Hao (2005), race was found to be a significant variable for oral 
volume and total vocal tract volume. In the study, they compared the vocal tract dimensions for 
three  races: White American, African American and Chinese. Chinese speakers were found to 
have significantly larger oral volume than the other two groups. As the previous studies of Xue 
et al. (2010), Uong et al. (2001) and Guimaraes et al. (2008) involved White Americans only, the 
effect of racial difference on the extent of difference between normally developing Chinese 
participants and those with Down syndrome cannot be eliminated. Even though significant 
difference in oral volume between the two groups has been found in the White American 
VOCAL TRACT DIMENSIONS            19 
 
population, the same may not apply in the local Chinese participants. Therefore, the previous 
studies could be used as references in this area, but further studies involving Chinese participants 
of various age groups is needed to further justify the findings in the current study. 
In the current study, pharyngeal volume has been found to be significantly smaller in the 
group with Down syndrome, which was also inconsistent with the pilot study done by Xue et al. 
(2010). They explained that it was because the lingual musculatures do not affect the pharyngeal 
volume as they are mostly located inside the oral cavity. In fact, Venail, Gardiner and Mondain 
(2004) reported reduced nasopharynx, pharynx and larynx volume, in the children with Down 
syndrome proved by previous studies, and Shott (2000) has also found significantly smaller 
trachea lumen size in the Down syndrome population using MRI. Thus, the reduction of volume 
due to Down syndrome lies along the vocal tract from the nasopharynx to the trachea. 
The reduced volume of the vocal tract in the population with Down syndrome would 
result in different voice qualities as volumetric sizes of the vocal tract are correlated with the 
acoustic differences (Xue et al., 2010). However, due to low compliance of some of the 
participants with Down syndrome and technical problems, the formant frequencies of the vowels 
could not be extracted and compared in the two groups. Therefore, whether volumetric 
differences in vocal tract affect the acoustic qualities of the participants with Down syndrome 
could not be determined in the current study. In future studies, comparisons of formant 
frequencies between children with teenager and their normally developing cohorts can be done. 
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Besides, unclear speech in the population with Down syndrome has been caused by many 
other factors. For instance, Stoel-Gammon (2001) has suggested apart from anatomical 
differences, physiological differences between children with Down syndrome and their normally 
developing counterparts, such as having differences in bone and muscular configuration in the 
facial region. Muscle weaknesses were also frequently observed in the children with Down 
syndrome. Hypotonic facial muscles might limit lip movements and cause unclear labial 
consonants and lip-rounded vowels. By means of electropalatography, muscular control of the 
tongue, coordination of the lips and tongue, and the planning of motor sequences in the children 
with Down syndrome were found to be impaired, and dysphasia, dyspraxia and dysarthria within 
the group were also observed, which further affected speech intelligibility (Hamilton, 2001, 
Stoel-Gammon, 2001).  
Whether to use partial glossectomy to improve speech intelligibility has been 
controversial among the professionals. Many studies showed no significant differences in the 
phonological errors processes before and after partial glossectomy surgery, nor did they show 
any significant differences in articulation scores in standardized articulation tests comparing to 
the children with Down syndrome who did not receive the surgery (Margel-Bacal et al., 1987 
and Parsons, Iacono and Rozner, 1987).  
Lemperle and Radu (1980) cited on their review paper that an earlier study of Bjuggren, 
Jensen and Strömbeck (1968), which concluded tongue reduction in children with Down 
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syndrome showed improved speech intelligibility as it created a bigger the resonance box. 
However, physiological and functional changes of the tongues after partial glossectomy have not 
been discussed.  
In this study, significant differences in oral length and volume between participants with 
Down syndrome and their normal cohorts were not found, which implied that participants with 
Down syndrome may not have smaller cavities than normal-developing teenagers. The findings 
of this study do not support the hypothesis advocated by Uong et al. (2001) and Xue et al. (2010) 
that partial glossectomy does not improve speech intelligibility. It is because the hypothesis is 
based on the assumption that children with Down syndrome have normal sized tongues instead 
of larger tongues than their normal-developing counterparts in the context of a smaller oral 
cavity. However, the results of this study do not tacitly agree to the use of partial glossectomy in 
improving speech intelligibility in children with Down syndrome. In fact, future studies in 
measuring the oral and tongue with other methods such as MRI, X-ray, ultrasound etc are 
required to determine whether the partial glossectomy is an ideal way to improve speech 
intelligibility in the population with Down syndrome. 
Although recent studies mainly argue for and against the use of glossectomy in 
improving speech intelligibility, the surgery served as a mean to improve aesthetic appearance of 
the children with Down syndrome. Tongue thrust and protrusion are commonly found in children 
with Down syndrome (Desai and Fayetteville, 1997; Venail, et al., 2004), which gave 
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acquaintances the perception of mental retardation.  Having partial glossectomy procedures in a 
young age, the tongue thrust and protrusion problems can be solved, and the open-mouth 
problems and later orthodontic problems caused by tongue thrust can be prevented (Lemperle 
and Radu, 1980 and Margel-Bacal et al., 1987). Besides, open-mouth leads to mouth-breathing, 
which may lead to chronic periodontitis and respiratory tract infections. Therefore, when it 
comes to deciding whether to perform partial glossectomy on a child with Down syndrome, a 
holistic consideration of a multi-disciplinary team should be involved and the benefits in 
different aspects of the surgery should be considered.  
Apart from physiological differences, hearing loss also contributed to poor intelligibility 
of speech in the Down syndrome group. The majority of the participants in the Down syndrome 
group tested had hearing loss to different extent, which was consistent with Stoel-Gammon’s 
review on the literature. Having greater degrees of hearing loss would affect speech and 
language development. As hearing loss was abundant within the population with Down 
syndrome, it is hard to eliminate its effect on speech intelligibility.  
 The current research was also limited by the body difference in terms of height and BMI 
within the two groups. The controls were matched by age, gender and race but not by height and 
weight. As described in Xue et al.’s pilot study (2010), body size was correlated with the six 
vocal tract parameters. However, significant difference was found in height and BMI within the 
two groups in the current study. The growth curves for children with Down syndrome are 
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significantly different from their normally developing cohorts (Myrelid, Gustafsson, Ollars & 
Anneren, 2002; Guimaraes, et al, 2008), such that children with Down syndrome were usually 
shorter in height and heavier in weight. It is impossible for researchers to match typically 
developing teenagers by height, weight, and BMI as controls. Even if controls that fit the above 
criteria were found, they may have the propensity for obesity and they might not be ideal 
controls for the Down syndrome group in this study.  
 The testing procedures were slightly inconsistent across all participants. As all of the 
participants with Down syndrome have mental retardation to different extent, some of the 
participants could not comprehend the researcher’s instructions of recording of vowel 
productions, mouth breathing and nose breathing, or refused to comply with them. Since the 
procedures were carried out in the participants’ schools, the environment and setting slightly 
varied. In future studies using ART, the procedures should be carried out in the same 
environment.  
 The current study involved 36 participants, with 18 participants in each group only. 
Recruitment of participants with Down syndrome was difficult as many of the special schools for 
children with intellectual disability in Hong Kong have only a small number of students with 
Down syndrome or even none. Given small age disparities, it was very difficult to find a large 
number of subjects with Down syndrome. Future researchers can recruit participants in the 
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neighboring cities such as Shenzhen, Macau, Guangzhou and Zhuhai to gather a larger number 
of participants. 
 In conclusion, this study suggested that adolescents with Down syndrome have smaller 
pharyngeal volume, total vocal tract length and total vocal tract volume than normal controls 
which was inconsistent with the earlier pilot study by Xue et al. (2010). The hypothesis of 
relative macroglossia was not supported and whether to use partial glossectomy in improving 
speech intelligibility in children with Down syndrome needed to be backed up by more research 
concerning the measurement of oral cavity and tongue volume by other means. 
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Appendix I 
Questionnaire for Participants 
受試者問卷 
“十五到十七歲唐氏綜合症和正常青少年聲道量化”研究 
“Vocal Tract Dimensions of fifteen-to-seventeen-year-old Teenagers with Down syndrome and non-
impaired controls” 
*此問卷需由受試者家長完成  
*This questionnaire needs to be completed by the parent(s) of the participant 
 
測試日期 Test Date: ____________________________  
受試者姓名 Name of the participant: _____________________________________________ 
學校名稱 Name of School: ______________________________________________________ 
國籍 Nationality: _____________________  種族 Race: _________________________ 
出生日期 Date of Birth: ____ / ____ / ____  性別 Gender: M  /   F 
身高 Height: _________________cm  體重 Weight: _____________________kg 
 
**請刪去不適用者 
**Please cross out whichever is inapplicable 
 
1. 貴  子弟是否經醫生診斷為患上唐氏綜合症？ 
Has your child been diagnosed with Down syndrome? 
是 / 不是 （如答案是“是”，請回答第 2 至第題，如答案是“不是”，問卷則到此結束，
謝謝！） 
Yes / No (If “yes”, please answer question no. 2 to no. 6; if “no”, this is the end of the 
questionnaire, thank you!) 
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2. 貴  子弟有否先天性的面部結構異常（例如兔唇、裂齶）？ 
Does your child have congenital co-morbid structural anomalies (such as cleft lip, cleft palate)? 
有（請注明）____________________________________________________ / 沒有 
Yes (please specify) ________________________________________________ / No 
 
 
3. 貴  子弟有否先天性的神經損傷？ 
Does your child have congenital co-morbid neurological impairment? 
有（請注明）____________________________________________________ / 沒有 
Yes (please specify) ________________________________________________ / No 
 
4. 貴   子弟有否接受過口腔、上頜、面部或舌頭的整形手術？ 
Has your child undergone any oro-maxillo-facial or tongue surgery? 
有（請注明）____________________________________________________ / 沒有 
Yes (please specify) ________________________________________________ / No 
 
5. 貴   子弟有否佩戴任何牙齒矯形器具(例如假牙、牙篐)？ 
Does your child wear any orthotic appliances (such as denture, braces)? 
有（請注明）____________________________________________________ / 沒有 
Yes (please specify) ________________________________________________ / No 
 
6. 貴  子弟在過去一個星期內有否出現流感、傷風或上呼吸道感染病徵？ 
Did your child have any symptom of flu, cold or infection of the upper respiratory tract? 
有（請注明）____________________________________________________ / 沒有 




- This is the end of the questionnaire, thank you for your time! - 
 
